We aimed to explore the value of palliative resection or radiation of primary tumor for metastatic esophageal cancer (EC) patients. Methods: Surveillance, Epidemiology, and End Results database was used for identifying metastatic EC patients. The patients were divided into resection and nonresection groups. And patients without resection were divided into radiation and nonradiation groups. Propensity score matching (PSM) analyses were adopted to reduce the baseline differences between the groups. Cancer specific survivals (CSSs) and overall survivals (OSs) were compared by Kaplan-Meier (K-M) curves.
| BACKGROUND
The incidence of esophageal cancer (EC) ranks seventh in all cancer incidence, and it is the sixth cancer-related death cause worldwide. 1 More than 30% of patients had metastatic disease at diagnosis. And the cancer specific survival (CSS) of this patient population is poor, with only 3.4% of 5-year survival. 2 Managements for metastatic EC patients were usually limited to chemotherapy, endoscopic therapy, and best supportive care. Patients' clinical performance is the main concern for treatment choices. Local therapies including palliative resection or radiation of primary tumor were only applied to reduce the EC related symptoms (obstruction or bleeding) and improve quality of life for metastatic EC patients. 3 Previous studies questioned the prognostic value of palliative resection of primary tumor. Tanaka et al investigated 80 metastatic esophageal squamous cell carcinoma patients, and found no difference in survival for palliative resection group and patients without resection. 4 Saddoughi et al estimated 52 stage IV EC patients with palliative surgery in their institution. The median survival was 10.8 months for these patients, leading to the conclusion that surgery should not be recommended for stage IV EC. 5 However, some articles revealed better prognosis in patients with stage IV EC after multimodality therapy with palliative resection, and/or radiation, and chemotherapy. [6] [7] [8] The Surveillance, Epidemiology, and End Results (SEER) database provides real-world information on cancer statistics among American population. We aim to explore the value of palliative resection or radiation of tumor in metastatic EC based on the data from SEER database. , resection or radiation of primary tumor, and chemotherapy. As the wideused classification nowadays is the AJCC eighth edition, we translated the sixth edition codes into their corresponding eighth edition codes to generate a uniform dataset. Patients were excluded if they met the following criteria: (a) Patients died of other causes, not because of EC; (b) Patients' surgery status was unknown and patients underwent local tumor destruction (eg, photodynamic therapy, fulguration, cryosurgery, laser, electrocautery, laser, polypectomy, and excisional biopsy); (c) The baseline information (eg, race, site, and grade) was not available; (d) The histopathological type was not adenocarcinoma or squamous cell carcinoma.
| PATIENTS AND METHODS
Chi-square analyses were performed to detect the statistical differences of each factors between investigated groups. Then we adopted propensity score matching (PSM) analyses to reduce the differences between the groups. 9 CSSs and OSs of the matched patents were further estimated by Kaplan-Meier (K-M) curves. In order to conduct the predictive nomogram, independent risk factors were identified by multivariate analyses. In this study, 70% patients were randomly selected for the training group and the rest were included for validation group. C-indexes were calculated to discriminate the predictive survival of the nomogram from actual survival. If C-index was 0.5, the nomogram T A B L E 3 Characteristics of patients without resection and propensity score-matching analysis for radiation and nonradiation groups was supposed to be no discrimination. Nomogram showed perfect discrimination when C-index was 1.0. Moreover we plotted calibration curves to estimate the accuracy of the nomograms. 10, 11 All P-values less than .05 were considered significant. SPSS 24.0 (SPSS) was employed for Chi-square analyses, cox regression, and K-M curves. And Rstudio based on R software 3.5 (Institute for Statistics and Mathematics) was used for nomogram conductions. All Pvalues were two-tailed.
| RESULTS

| Patients and baseline characteristics
A total of 14 942 metastatic EC patients were retrieved from the SEER database. After excluding patients with incomplete information, 7982 metastatic EC patients were selected for our analyses. Mean age of all population was 63.92 with SD of 11.461. So patients were divided into two age groups: under 63 years old and above 63 years old. The baseline characteristics of these patients are listed in Table 1 .
| Survival analyses
Patients with palliative resection and nonresection were matched according to age, race, site, and histopathological type ( Table 1 ). The caliper width of 0.002 was adopted. After PSM, 978 patients were included in the survival analysis comparing palliative resection and nonresection. The CSS and OS for patients underwent palliative resection were significantly longer than those without resection (median CSS: 21 months vs 7 months, P < .001, Table 2 , Figure  1A ; median OS: 20 months vs 7 months, P < .001, Table 2 , Figure 1F ). For subgroup analyses, patients with palliative resection still live longer than those without resection ( Table 2) . Patients with middle-and lower-third of thoracic EC could benefit from palliative resection (middle-third CSS: 20 vs 5 months, Figure 1B ; middle-third OS: 15 vs 5 months, Figure 1G ; lower-third CSS: 22 vs 7 months, Figure 1C ; lower-third OS: 21 months vs 7 months, Figure 1H ). This trend remained for patients with squamous cell carcinoma, as palliative resection led to 20 months CSS and 18 months OS, and patients without resection had 6 months CSS and 6 months OS ( Figure 1D ,I). Moreover 807 patients were diagnosed with adenocarcinoma. And K-M analysis showed that patients with palliative resection had median CSS of 22 months and median OS of 20 months, while patients without resection only had median CSS and OS of 7 months, respectively ( Figure 1E,J) .
In the overall population without resection, 654 patients were matched for radiation and nonradiation groups with a caliper width of 0.001 (Table 3 ). And K-M curves indicated that patients with radiation had longer CSS and OS than those without radiation (median CSS: 11 months vs 6 months, P < .001, Table 4 , Figure 2A ; median OS: 10 months vs 6 months, P < .001, Table 4 , Figure 2G ). Table 4 presented the median survivals for subgroup analyses. There was no difference of CSS and OS between radiation group and nonradiation group if the primary tumor was in upper-third of thoracic esophagus (CSS: P = .539, Figure 2B ; OS: P = .454, Figure 2H ). However, radiation benefited patients with middle-and lower-third of thoracic EC (radiation vs nonradiation: CSS of middle-third was 11 vs 5 months, P = .023, Figure 2C , OS of middle-third was 9 vs 6 months, P = .045, Figure 2I ; CSS of lower-third was 11 vs 6 months, P < .001, Figure 2D ; OS of lower-third was 10 vs 6 months, P < .001, Figure 2J ). The survival outcome of patient receiving radiation was also significantly better than those without radiation for squamous cell carcinoma subgroup (median CSS: 9 months vs 6 months, P = .005, Figure 2E ; median OS: 9 months vs 6 months, P = .002, Figure 2K ). Furthermore, for patients diagnosed as adenocarcinoma, radiation led to longer CSS and OS compared with nonradiation (median CSS: 11 months vs 6 months, P < .001, Figure 2F ; median OS: 10 months vs 6 months, P < .001, Figure 2L ).
| Nomograms based on preoperative or postoperative risk factors
A total of 4206 patients had detailed preoperative information, such as age, gender, site, grade, tumor size, LN metastasis, distant organ metastases, and treatment choices. Multivariable analyses revealed that gender, site, grade, tumor size, distant metastases, and treatment choices were independently associated with CSS and OS (Table 5 ). Thus, these risk factors were included for preoperative nomogram. After randomization (ratio: 7:3), 1249 patients were selected for training group and the rest for validation group. The nomograms for CSS and OS prediction based on training group are presented in Figure 3 . And the nomograms based on validation group are presented in Figure S1 . C-indexes for CSS prediction were 0.706 and 0.723, respectively, for training and validation groups. And C-indexes for OS prediction were 0.703 and 0.721, respectively, for training and validation groups. Calibration curves showed good agreement between observed survivals (CSSs and OSs) and predicted survivals from nomograms (Figure 4) .
To predicting CSS and OS after palliative resection, we performed nomogram based on postoperative factors. After exclusion of non-available data, 413 patients who underwent palliative resection were identified for multivariable cox regression (Table 6 ). It was implied that age, site, T A B L E 5 (Continued) histopathological type, grade, LN examined, LN positive, and chemotherapy could independently influence CSS and OS. Randomized selection of 70% radio was utilized to pick out patients for training group. And 291 patients were finally included for training group, and 122 patients for validation group. Postoperative nomograms were generated for CSS and OS in training groups ( Figure 5 ). And nomograms for validation group were shown in Figure S2 . C-indexes indicated moderate discrimination (0.669 and 0.720 for CSS in training and validation groups, respectively; 0.66 and 0.713 for OS in training and validation groups, respectively). Figure  6 showed that these nomograms had good calibration.
| DISCUSSION
Patients with metastatic EC were not usually recommended palliative resection on primary tumor or radiation by guidelines. Only systemic therapy, palliative supportive care, and sometimes clinical trials were preferred for these patients. The role of palliative resection and radiation is not clear for metastatic EC. However, recent studies have indicated that palliative resection or radiation might benefit for survival. [6] [7] [8] Some case reports revealed promising results on long term survival after palliative surgery as well as radiation. [12] [13] [14] [15] [16] [17] [18] Our results were in accordance with them that patients underwent palliative resection or radiation had prolonged CSS and OS. As we extracted data from SEER database, our results were supposed to reflect the true outcomes of cancer patients in real world. Palliative resection and radiation are both local treatment for primary tumor. The median CSS and OS of patients receiving palliative resection were 21 months and 20 months, respectively, which was almost 10 months longer than those with radiation. Interestingly, radiation was not an independent predictor after surgery from our multivariable analyses. These results might be due to the reasons that patients selected for surgery had better performance than palliative radiation, and patients with metastatic disease could hardly bear both postoperative and radiation complications. Ando et al suggested that advances in surgical technique and perioperative management improved survival of advanced EC patients. 19 As SEER database did not provide information about patients' performance, future studies comparing palliative resection and radiation should be carried out taking this factor into account.
To the best of our knowledge, our study was the first one developing predictive nomograms for metastatic EC. The features at diagnosis, such as gender, site, grade, tumor size, metastatic distant organs, and treatment choices had independent value for predicting survival. However, age and regional LN metastases did not influence the outcome of patients at this point. For the patients with palliative resection, older age, adenocarcinoma, Grade III tumor, examined LNs less than 12, more positive LNs, and nonchemotherapy were factors for poor prognosis. Nevertheless, T stages and N stages were not independent predictor for survival. In routine clinical practice, TNM staging was commonly used for predicting survival of cancer patients. Our nomograms were supposed to be an important supplement for TNM staging and to help select best anticancer therapy for metastatic EC patients at diagnosis. Palliative resection of primary tumor was suggested for stage IV incurable gastric cancer 20,21 and colorectal cancer patients. 22, 23 It was implied that patency of digestive system was important for patients' quality of life. And palliative resection for highly selected patients could prevent tumor related complications such as obstruction, bleeding, and perforation. For EC, the main symptom was dysphagia. And tumor might also cause bleeding and perforation. Palliative resection or radiation removed the primary tumor, reducing the potential risk of serious tumor-related complications. However, whether the EC patients received emergency or selected surgery was not known from SEER database. Postoperative complication might also be an important risk factor for cancer patients. Future prospective studies should be performed to estimate the postoperative mortality for both surgery types.
Characteristic
Our study had strength in large sample of EC patients and sufficient statistical analyses. These resulted in reliable conclusions. Nevertheless, some shortages still existed. As mentioned previously, the SEER database did not provide information of performance, basic diseases, and surgery type. Although we took chemotherapy into consideration for nomograms, different regimens might lead to various outcomes. And as new treatments, for example, immunotherapies, have emerged, the survival prediction of cancer patient could be more challenging with different combination of treatments.
| CONCLUSION
Metastatic EC patients had prolonged survival with palliative resection or radiation of primary tumor. Our nomograms will aid in selecting dominant crowd for palliative resection.
